Technological artefacts express time periods in their visual design. Due time, visual culture changes and thus affects the design of pictorial representations in technological products, such as icons in user interfaces. Previous research of temporal aspects in human-computer interaction has been focusing on particular interaction situations, but not on the effects of design eras on user experience. The influence of icon design styles of different eras on aesthetic and usability experiences was studied with the method of primed product comparisons. Affective preferences and their processing times were analysed in order to examine visual usability in terms of semantic distance and aesthetic appeal of icons from different design eras. Aesthetic and usability preferences of icons from different eras varied, which allowed the investigation of the process in which users experience icons. This examination results in elaborating the process, for example the relationship between cognitive processing fluency, familiarity, and beauty.
INTRODUCTION
Due to the development of information and communication technologies, possibilities of various visual design styles for pictorial representations have increased. Advancements in computer graphics have made varieties of new designs possible, thus increasing the importance of aesthetic design of pictorial representations [43] . Moreover, related to this technological development, the focus of human-computer interaction (HCI) research has shifted from functionality and usability more towards aesthetics of interaction [9, 16, 17, 20] emotional design, [7, 18, 45, 62, 66] and semantic meanings conveyed by pictorial representations [10, 29, 30] .
Several studies have reported a positive relationship between perceived usability and visual aesthetic appeal, in which aesthetic appeal increases how well interactive artefacts are cognised [17, 32, 33, 63, 65] . In addition, evaluations of aesthetic appeal are at least partly conducted quickly and these immediate judgments function as critical determinants of first impressions of the encountered artefacts [34, 46, 64, cf. 26, 61] . Additionally, differing dynamics in aesthetic-usability effect have been observed. For example, visual appeal can positively affect the interaction between users and technologies [40] , enhance performance in difficult tasks [45] , lead to overall decrease or increase in performance, and motivate users to continue using the artefact [58] .
The variance and complexity of results related to aesthetic appeal imply that it is a multi-dimensional concept, influenced by factors not yet completely satisfactorily operationalised in HCI research [48] . One disregarded consideration is how different design eras, associated with digital pictorial representations, impact aesthetic appeal and visual usability of user interfaces. Thus, while HCI researchers have studied phases of user experience and, for instance, life-cycles of technological artefacts [e.g. 31, 28, 59] , time-related aspects of visual design have not been considered, nor has research focused on the influence of products from different design eras on aesthetic and usability experiences.
Aesthetic valuation is associated with time periods, and each time period defines and refines its value in a relation to previous periods, prevalent design styles and trends [49] . Thus, visual representations help people to reflect on their era. Visual design objects are expressions of a specific era and the existential experience of the people of that era. Further, visual design as an expression of its era helps people to reflect on their time and understand their existential foundations [19] . Constantly changing visual culture thus affects appraisals of pictorial representations. Therefore, the design period of a technological artefact influences how the user experiences it.
COGNISING THE ICON
Apperception, aesthetic appeal, and semantic distance How technology-experience occurs in people's minds can be approached with how the object of our experience is sensibly represented. In this mental process, called apperception, new sensory information, as well as already existing mental information, are integrated into a subjectively meaningful and coherent mental representation. Apperception can thus be described as 'seeing something as something' [22, 27, 50, 56] . For instance, a circle with a line attached to its southwest side (a magnifying glass icon) is associated with 'search' as long as the user has the right mental framework for this interpretation. How this connection is made affects how the user experiences the icon and the overall user interface. If the user is not familiar with the metaphor, she fails to cognise that the signifier (the icon) refers to an affordance ('search') [44] . Further, if the pictorial representation is not perceived as appealing, the user is not satisfied with the design even though she is able to cognise the connection.
This study focuses on how a design era of an icon influences how users experience its visual usability and aesthetic appeal. Aesthetic appeal is operationalised with concepts from traditional aesthetics, and visual usability with the concept of semantic distance. Traditional accounts of aesthetics conceptualise aesthetic responses from the perspective of positive cognitive engagement [1, 11] . Even though, for instance, sadness can be considered as an aesthetic response to an artefact that moves the person emotionally [1] . Positive engagement with pictorial representations includes evaluations of intrinsic value and goodness of the encountered artefact, in which beauty is considered as a good semantic aesthetic property to be experienced [1, 11] .
Usability in aesthetic-usability research has been conceptualised with different definitions, such as apparent usability [32] , perceived usability [17, 58] , and expected usability [60] . The methodological approaches and definitions of perceived usability vary, and the usability evaluations have been conducted by visual inspection of a whole user interface, especially regarding its interactive elements, such as menus and search tools [60] . As usability involves a variety of approaches and definitions, we use the term 'visual usability', by focusing on how people represent visual elements and how the visual aspects of objects relate to the functions afforded by them. Visual usability in HCI refers to how intuitively and fluently visual information can be interpreted in terms of users' goals, and how visual variables of an interface, such as colours, lines, symmetry and visual rhythm, guide the interaction [54, 55] . In this study, the focus is on visual usability of an icon's semantic distance. In icon design, semantic distance is an important factor in cognitive effectiveness, enhancing icon's processing fluency. Semantic distance is the proximity of the icon's pictorial representation to its intended meaning [23, 24, 36, 37, 38, 39 42] . The closer a pictorial representation of an icon can be apperceived to its intended meaning, the easier it is to construct the correct mental representation of the icon's functionality. Icons aim to make information easy and quickly accessible [13, 14, 21, 41] . In this design context, ambiguity is not desirable as the goal is to design efficient visual representations with determined meanings.
Cognitive processing fluency, appraisal, and familiarity
In addition to the variance of research results concerning the aesthetic-usability effect, ease of interpretation has been observed to predict aesthetic appeal [47, 48] . This has been explained with improvements in cognitive processing fluency by familiarity [48] , priming [47] , and presentation repetition [1, 67] . Familiarity with pictorial representations eases the interpretation of the encountered stimuli, which has been observed to result in higher ratings on beauty [1, 39, 47, 67] . Priming and repetition cause spreading activation in relevant nodes of the representational network, which affects recall and familiarity [35] . Mere-exposure effect indicates that repeated exposure to a stimulus strengthens the user's affective response to it [67] . However, effects such as mere-exposure may give too narrow insight into the apperceptive process. For example, a congruent design era might affect appeal ratings of familiar stimuli more than familiarity alone, and thus more familiar icons are not necessarily more preferred.
The apperceptive process, in which users evaluate the appeal of products, has been studied as an emotional appraisal process [25, 26] . Appraisal refers to the cognitive process, which determines the subjective significance of an event [12, 53] . Because the emotion process does not only involve utilitarian emotions, such as happiness, anger, or fear, but also aesthetic emotions [52] , appraisal theory is useful for inspecting how the human mind evaluates objects as appealing [26] . As the process is cognitive, researchers can investigate the processing times associated with aesthetic evaluation, and thus try to elaborate the causes of appeal.
Any cognitive process operates on information, and this is true for the emotional process as well [25, 26, 52, 53] . Emotional appraisal has three information sources: perceptual stimuli, associative processing, and reasoning [57] . In HCI, this notion has explored in terms of evaluation latencies: affective judgments of products take more time as their cognitive demands increase due to the need to invoke different information sources [26] . The associative information source depends on spreading activation, which means that retrieving relevant information from long-term memory is dependent on the activation of relevant nodes. These depend on repetition, familiarity, and priming, which cause activation spreading [1, 26] .
The apperceptive process is rich, and therefore an unfamiliar pictorial representation might not be appraised as appealing, or be apprehended, if an evaluative framework does not exist. Via the cognitive interpretation of emotion, appraisal theory is able to explain why familiarity, priming, and repetition influence aesthetic appeal. In light of appraisal theory, it is possible to explore further the connection between processing fluency, familiarity, and appeal. Any experience of appeal necessarily results from a cognitive information processing. Objects, that are familiar, have lower activation thresholds for relevant long-term memory nodes, and reasoning associated with them has been automatised further (see [3, 51] for accounts of how familiarity relates to long-term memory activation and increased efficiency of reasoning). Thus, one expects more familiar objects to be evaluated faster. While this does not necessarily mean that familiar objects are also more appealing, familiar objects are easier to process, which is desirable in itself. Especially in the context of HCI, where the goals of the user are often related to efficiency, familiarity can thus be expected to correlate with appeal.
Further, because affective judgments are based on a cognitive process that depends on, for example, spreading activation, one should assume that objects that are related to each other, for example by having a common background, should be evaluated within a similar appraisal framework. Thus, for example, artefacts from common design eras should be more similarly evaluated than artefacts from different eras. One can assume that advancements in computing have improved icon design, and thus icons of newer eras are more appealing and have shorter semantic distance, that is, are easier to mentally connect with the affordance they signify. However, the first two hypotheses of this study do not posit the direction for these effects, because users do not necessarily prefer the newest designs before they have gotten used to them.
H1.
Icon's aesthetic appeal differs between design eras.
H2. Icon's semantic distance differs between design eras.
Semantic distance is operationalised as preference and processing fluency. Thus, these two should be correlated. Further, we hypothesise that icons that are closer to their intended meaning, that is, icons that have shorter semantic distance, are preferred over icons that signify the same affordance but have longer semantic distance.
H3. Processing fluency correlates with preference.
Design eras are chronical, and do not precede each other arbitrarily. Thus, icons that are temporally distant from each other differ in aesthetic and usability evaluations. Hence, as the temporal distance between two icons increase, their comparison should be easier and thus occur faster. The appraisal-based explanation would be that icons that are temporally distant from each other do not suppress each other during spreading activation, because they are distant and only vaguely associated.
H4.
Icons that are distant in time from each other are easier to compare.
The four hypotheses serve two purposes. First, support for them gives plausibility to the use of appraisal theory in understanding how users experience technological artefacts. Such a theoretical basis is welcome in a situation, where user experience research in HCI is inconsistent in its use of such central terms as emotion and aesthetics [4] . Second, psychological exposition of how people experience icons of different design eras gives insight into for example the aesthetic-usability effect, which helps researchers and designers to improve their thinking. Using the results, a designer can consider different design styles and their effect on the desired user experience.
Both purposes presented above serve a further theoretical goal, which is to link together the listed concepts of visual appeal and emotion. The key point is that an aesthetic judgement about a visual object is always partly a cognitive process. While this process is partly non-conscious, it is possible to analyse it using methods from cognitive psychology [26] . In short, the apperceptive process of evaluating visual appeal of pictorial representations is cognitive, which means that it connects information from different sources, processes them, and results in observable phenomena, such as conscious judgments of appeal. In an experiment, one may ask participants to make aesthetic judgements, and by manipulating what is evaluated and recording the processing times, results concerning the cognitive process of aesthetic evaluation can be presented.
METHOD
The hypotheses of this study, as well as the conclusion presented above, imply a controlled study, where observations about behaviour are used to make inferences about the cognitive processes behind that behaviour. In cognitive psychology, this strategy is often implemented in terms of reaction time (RT) studies [2] . The study was thus conducted using the method of primed product comparisons [26] . The idea is to produce both preferences and preference-related reaction times (RT) by presenting primes and stimulus pairs to the participants. Preferences are used to test H1 and H2 related to evaluation of appeal and visual usability, whereas H3 and H4 are tested with RTs.
Participants and Stimuli
The participants were required to be born in 1985 so that each could have at least possibly interacted with the stimuli used in the experiment. Using a mailing list for people interested in participating user psychological experiments, participants (N = 30) were recruited. The mean age of the Thus, the prime, old-fashioned' allowed us to investigate how the users appraised the effect of time on the icons, which is important when studying design eras. Familiarity refers to the experience that the object is congruent with the subject, and is thus more complex feeling than just recalling how familiar an artefact objectively is. In addition to the three adjectives, three everyday computing functionalities were selected: save, search, and print to study ease of interpretation with semantic distance [37] .
In total, 12, icons served as stimuli for the experiment (Table 1) . From each operating system, three icons were selected to match the three functionalities, which were to be used as primes (save, search, and print). All participants had at least some experience with Windows 95, one did not have any experience with Windows XP, three had never used Windows 7, and four reported not using Windows 8.
Procedure
In the method of primed product comparisons [26] , the participants are first shown a prime on a computer screen for certain amount of time (here, 3000 ms). Then, the prime is replaced with a stimulus pair, and the task of the participant is to indicate, using either of the two RT buttons, which of the stimuli more corresponds to the prime. This choice is called a preferential match, which emphasises the fact that any apperceived correspondence is subjective: given an adjective, such as beautiful, the participants prefer one of the two icons. Basically, it is not plausible to claim that appraising something as beautiful would be a result of objectively perceived correspondence, because judgments of appeal result from an apperceptive process. The participants are asked to make a preferential match as quickly as they can. The participants are also asked to keep their index fingers on the RT buttons at all times during the experiment, except for the four breaks that were distributed evenly throughout the experiment.
One experimental task consisted of a prime, a stimulus pair, and a preferential match, which ended the task and began a new one. All six primes (three adjectives for aesthetic appeal and three functions for semantic distance) were combined with all possible pairs of stimuli, which meant that each participants produced 396 preferential matches with associated RTs (the number of possible pairs from 12 stimuli is 66; this times the 6 primes is 396). The order of the tasks was randomised for each participant.
Data Analysis
The method of primed product comparisons results in two kinds of data: preferential matches and associated RTs. In order to generalize the preferences of all participants, a preferential match score (PS) is calculated. Given a prime and a stimulus, a PS indicates how often the stimulus was preferred over other stimuli with the given prime. PSs close to 1.00 indicate that given the prime, the stimulus was almost universally preferred over other stimuli, and a PS of 0.00 means that the stimulus was never preferred with this prime. For example, the PS of Windows XP search on 'beautiful' was .71, but for Windows 95 save .22, indicating that the former was clearly regarded as beautiful and the latter not. For each of the six primes, 12 PSs were calculated, one for each stimulus.
Further, for each pairwise comparison, a preference agreement was calculated, which refers to the fraction of the participants who gave their preferential match to a certain stimulus on a given prime. Agreement scores close to 1.00 indicate that the participants were almost unanimous in their choice of the pair, given an adjective. For example, in comparing Windows 95 search icon with Windows 7 search icon under 'beautiful', only four of the participants preferred the former, giving this pair a high agreement of .87 for 'beautiful'. Conversely, the participants were divided on the beauty-comparison of Windows XP print and Windows 7 print icons (13 versus 17 preferential matches), resulting in a small agreement of .13.
The first two hypotheses were tested by comparing the PSs of icons from different eras. First, mean PSs for each primes were printed for each icon between all eras and visually inspected. To test H1 and H2, One Sample Chi Square tests were conducted for each six primes, with null hypotheses that the four eras were chosen with equal frequencies. Tests for H1 were conducted for the whole data, while tests for H2 considered only tasks in which both stimuli corresponded to the function that was in the prime (e.g., if the prime was 'search', both stimuli had to be search icons for the task to be included in the test). This is because while it makes sense to compare the aesthetic
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Windows 8 appeal of two icons even if they do not refer to the same affordance, it does not make sense to do this for functionality. The same thinking was applied in all other calculations that concerned semantic distance.
The third measurement, along with PS and agreement, was RT, which indicates how quickly the participant was able to make their preferential judgment. Mean RTs were calculated for icon pairs, given a prime, and for each individual icon, given a prime. A Pearson correlation between mean RTs and PSs was conducted for each six primes in order to test H3. Large effect sizes (r > .50) were taken to support this hypothesis [8] . Correlations between RT and agreement were also calculated for more detailed analysis of H3.
In order to test H4, a generalized linear mixed model was used to predict RT with the age difference of eras as the fixed factor. Age difference was calculated as the difference of the icons on an ordinal scale. For example, the age difference of an icon from Windows 95 and an icon from Windows XP was 1, whereas the age difference of icons from Windows 95 and Windows 8 was 3. The age difference of an icon pair from the same era was 0. H4 states, that larger age difference predicts smaller RTs. In addition to the fixed age difference factor, the model included a random intercept to account for repeated measures (one individual produced multiple observations of RTs). Further, a Q-Q plot inspection revealed that the RT distribution was not normal, but followed well a gamma distribution with a log-link.
RESULTS
The mean PSs for the four design eras, between the six different primes are presented in Figure 1 . Mean RTs for the aesthetic appeal affects between the eras are displayed on the left side in Figure 2 . Visual inspection reveals that for 'beautiful' and 'familiar', the RTs were relatively stable, although slightly longer when there was a Windows 95 icon in the comparison. For 'old-fashioned', RT was linearly related to the age of the icon: older icons were easier to assess on this prime. Mean RTs for the icon functions between the eras are displayed on the right side in Figure 2 . 'Search' took, on average, less time than 'print' and 'save'. Further, for all icons, assessments of Windows 95 and Windows 7 icons took more time than for Windows XP and Windows 8, when comparing within the same icon.
The statistics associated with PS, agreement, and RT are presented in Table 2 . Agreement between the participants was greater for semantic distance than for the three aesthetic appeal adjectives: the participants agreed the least on judgments on 'beautiful', whereas there was clear agreement on 'search'. Similarly, the correlation of RT and agreement is large for the functions, but smaller for the affects. This indicates that for the functions, faster processing time was associated with clearer, more agreedupon preferences. However, for appeal adjectives, there was less association between processing times and agreement. 'beautiful', the correlation does not hold. This is in line with the finding that the participants were not generally in agreement in their beauty judgments.
The multilevel regression for testing H4 revealed, that age difference did not predict RTs, F(3, 11876) = 1.8, p = .138. Thus, H4 was not supported: icons with more temporal distance were not faster to compare with each other than icons that were temporally close to each other. In order to inspect the result further, a new analysis was conducted, now with a new fixed effect: the type of the prime (appeal or function). Further, the model included the interaction effect between age difference and the type of the prime. In the new model, age difference was still not statistically significant, F(3, 11872) = 1.6, p = .199, but both the prime type and the interaction effect were, F(1, 11872) = 40.6, p < .001, and F(3, 11872) = 23.3, p < .001. Because with age difference of zero, there could be no two stimuli signifying the same affordance, the model was confirmed by including only observations where the stimuli had age difference. The interaction effect was still statistically significant, F(2, 9714) = 9.7, p = .012.
A closer inspection of the results of the second model for testing H4 reveals that there is actually an effect hypothesised as H4. However, this effect is reverse for the two types of primes. Whereas for functions, larger age difference results in longer RTs, for appeal primes, the direction is the opposite: icons which share the same era take longer to appraise than icons with temporal distance. Mean RTs by age difference, between the prime types are displayed in Figure 3 , which shows the interaction effect clearly.
DISCUSSION
The results supported H1, that there are era differences in icons' aesthetic appeal. Icons from different design eras were evaluated as beautiful, besides of the icons from Windows 95 operating system. These icons were also considered as old-fashioned and familiar. In icon design research, familiarity has been observed to function as the best predictor of aesthetic appeal, instead of, for example, visual complexity and the level of abstractness of the icon's visual design [48] . However, experimental examination of the interplay between familiarity and appeal with design era differences indicates that familiarity's ability to predict appeal ratings is influenced by the design era. Thus, positive valence appraisal is more complicated, for example, advancements in design eras cause Windows 95 icons to be appraised as old-fashioned and non-functional and, thus has negative valence, although considered as familiar. Additionally, icons from Windows 8 were appraised as beautiful but not as familiar. Thus, familiarity and beautifulness do not necessarily correlate.
Windows 95 icons were consistently appraised as oldfashioned. But since the Windows XP icons, the changes of have been smaller. Although prima facie the changes may be huge, people do not cognise the icons of the eras after the Windows XP that differently. People have a tendency to idolise beauty of pictorial representations of the past [19] . However, perhaps not enough time has passed for appreciation and idolisation of older icon designs. Windows 95 icons were considered as old-fashioned, but not as beautiful. Thus, concerning appraisals of old-fashioned, a design era influence was visible in the favour of newer designs.
The results also supported H2: an era effect was observed in semantic distance for 'search', 'print', and 'save'. The icons of Windows 95 and Windows 8 were closest to each other on their semantic distance. This refers to cyclical process of design, in that the design styles of the past re-emerge to current design styles. The similarity between Windows 95 and Windows 8 semantic distance evaluations implies this cyclical design process. From the user's perspective, icon design has not improved in visual usability since Windows XP icons.
The correlative inspections between RT and PS, and RT and agreement, mostly supported H3, that ease of interpretation is associated with preference. However, some smaller correlations, namely for 'familiar' between RT and PS, and 'beautiful' and 'familiar' between RT and agreement reveal, that this effect is not as straightforward. Familiarity may require more long-term memory and reasoning than the other primes. Thus, although familiarity of a stimulus itself eases mental processes performed on that stimulus, the difficulty of appraising the familiarity of the stimuli is not necessarily dependent on how familiar it is. Thus, appraisal of familiarity is a complex mental process combining memories of encounters and reflection of how congruent the object is with these memories. Familiarity of an object is not retrieved from memory as much as it is reflected during the encounter, based on what is retrieved and reasoned. This means that familiarity ratings are fluent and context-dependent. This finding can be explained with appraisal theory. A cognitive process on a stimulus, such as mental rotation of a three dimensional object, is more fluent with familiar stimuli [5] , because familiarity affects the cognitive processes that works on the task. However, a cognitive appraisal process about the familiarity of a stimulus still requires relevant information to be retrieved from the long-term memory. This finding suggests that familiarity has different effects on the conscious and unconscious levels of mental processing, and HCI research on familiarity related usability and acceptance effects should consider this possibility.
Although familiarity can often be connected to positive valence, it is not necessarily so, and the appraisal elaboration of experiencing something as familiar is important. The study reported here did not hypothesise association between judgements of familiarity and judgments of beauty, but by correlating the PSs related to these primes, we get r = .17, or in other words, almost no correlation. Thus, while being able to quickly recognise an object also results in it being considered more beautiful, considering subjectively an object as familiar does not necessarily result in appraising it as beautiful.
Support for H3 justifies the operationalisation of semantic distance as preference and processing fluency. More preferred icons were also faster to appraise, which suggests that these two measures are related to the same phenomenon. This finding suggests that the appraisal process is recursive: first it considers the stimuli from a very general perspective, and if there already are some clear differences, a preferential choice is made. However, if the stimuli cannot be distinguished on this general level, the appraisal process turns to consider the stimuli in more detail. This recursion into increasingly detailed appraisal continues until a judgment can be made, or the task is interrupted. If such an appraisal theoretical perspective into technology experience holds, one should expect more preferred stimuli to be chosen more quickly -exactly what was observed when testing H3. This finding problematises the use of small threshold times in studies of visual appeal in HCI [e.g., 34]. Stimulus exposure times as short as 50ms are not enough for all appraisal process, which leads to the results being not due to the overall appraisal process, but due to just a part of it.
The first test for H4, that longer time differences between stimuli would be observed as shorter RTs, was not supported. However, further inspection revealed an interesting interaction effect associated with H4: while icons farther away in time were easier to compare in aesthetic appeal terms, in functional terms it was more difficult. This suggests that the mental processes associated with affective appraisals consider different aspects than when evaluating the experience of semantic distance of a signifier to its affordance [44] .
People differ in their appraisals of aesthetic appeal, but are more unanimous in evaluating semantic distances between pictorial representations and their intended meanings. A detailed investigation of aesthetics-usability effect gives more in-depth understanding and explanation into the workings of the effect. This requires detailed operationalisation of the concepts of usability and aesthetics with established theoretical foundations. In this study, aesthetic appeal was operationalised with concepts of traditional aesthetics, which enabled detailed analysis. However, aesthetic appeal is a multi-dimensional construct and requires further examination of the underlying constructs, for example, concerning the relationship between familiarity and old-fashioned, and how these function in relation to other dimensions of the aesthetic.
The operationalisation of aesthetic appeal in this experiment provides insight into the aesthetic-usability effect and demonstrates a specific tool for investigating aesthetic appeal and its relationship to usability. The benefit of using the method of primed product comparisons comes from the pairing of stimuli. It reveals that the mental processing associated with product appraisal is more complicated than any straightforward connection between processing fluency and aesthetic appeal. When judging technological artefacts, users require information from different sources, such as perception, long-term memory, and reasoning. These are mental tasks, and thus variance in information requirements results in variance in processing times. Evaluations of aesthetic appeal require more processing time than interpretations of visual usability, due to increased cognitive demands of different information sources.
The chosen method is not meant to replace conventional evaluation, although it does take a specific and important role in studying the mental processes associated with affective judgements. The method allows the study of cognitive processes in more detail when compared to pen and paper questionnaires, as it records RTs. The prime lets the participants make their choices quickly, which allows us to investigate the mental processing times associated with different combinations of primes and stimuli. This is important for theoretical research, as the method permits practical evaluations in the tradition of fast (50ms) evaluations, but, as is shown here, with improved validity.
CONCLUSION AND FUTURE RESEARCH
The main theoretical and methodological contribution of this study is the analysis of visual usability and appeal as a cognitive process, that is, the clarification of the partly unconscious process, in which people find pictorial representations visually appealing and usable. For example, while icons have overall become more appealing due time (e.g., by comparing Win 95 to Win 7), the detailed effect of eras on icon aesthetics is more complex.
The results of this study provide an in-depth view of the experience process by explicating the influence of design era to aesthetic-usability effect in terms of emotional appraisal, and operationalise the constructs for aesthetic appeal and visual usability in detail. An experiment utilising the method of primed product comparisons revealed that cognitive processing times associated with aesthetic and usability judgments can be used in exploring these phenomena in HCI.
The results supported the hypotheses, that the era of an icon affects its aesthetic appeal and its visual usability. Further, the results elaborated the connection between cognitive processing fluency, familiarity, and beauty. Icons that had their intended meaning processed quickly were also regarded as more beautiful, but this relationship did not hold for the experience of familiarity and beauty.
In the study reported here, icons were displayed on a screen without any context, such as other visual elements of a user interface. A better ecological validity would be reached by using complete user interfaces as stimuli. Future studies should thus consider, for example, how the design style affects visual search of icons, when the number of elements on the screen is high. Such research should start to reveal design principles, which can be used to create visually usable and aesthetically pleasing user interfaces in terms of visual design eras.
One interesting consideration from the results of the study is that while icons from the same era create a clearer visual style, the user has to spend more processing to identify relevant icons from a set of stylistically similar icons. In other words, appraising the aesthetic appeal of icons from the same design era requires more processing time, than appraising icons that have time between them. The overall design style needs to be mentally constructed and evaluated, which explicates the processing time due to increased cognitive effort. Evaluating icon's intended functions, larger design era distance requires more processing time, implicating the importance of consistent design style for enabling efficient interaction. In addition, semantic distance evaluations are conducted more unanimously than aesthetic appeal evaluations. Thus, an effective design strategy for improving visual appeal is to focus on semantic distance. Further, as the results show that familiarity doesn't predict aesthetic appeal, but is influenced by the design era of the stimuli, icon design need not necessarily aim for familiarity as long as the era experience is consistent and identifiable. Therefore, the benefit of the approach for design can be restated: conventional design is not necessarily satisfying design and only right methodology can reveal how we cognise pictorial representations.
The idea of combining processing time and preference in analysing usability and aesthetics of visual user interface elements may prove to be useful in safety-critical contexts. For instance, with in-car navigation user interfaces, being able to quickly separate icons from each other and find the correct one is crucial. Such interfaces are often simplistic, and thus designing icon sets in which the icons are clearly distinct from each other is one of the critical ways to improve the safety via visual design. Reflecting on the results of the study reported here, a designer of such interfaces might wish to consider styles, which mix different design eras. The method of primed product comparison can be used in these kinds of designs to evaluate how distinguishable, but also visually appealing, the icons and icon sets are. In addition, there should be a study in which icons are created or modified according to given recommendations. Other future analyses investigate, for example, the relation of familiarity to the other primes, and the link between agreement and RT for beauty.
